The activity of RNAase* in bull seminal plasma is higher than that reported for any other biological fluid. The activity can be fractionated into two components and our research has been concentrated on the major one (RNAase BS-l), which has been purified (D'Alessio et nl., 1972a), crystallized (Floridi, 1968) and shown by ultracentrifugal analysis to be homogeneous (Forlani et al., 1967) . Although the seminal enzyme appeared to be different from pancreatic RNAase in being much more strongly adsorbed to Amberlite IRC-50 and to sulphoethyl-Sephadex, enzymic assays suggested a close similarity between the two RNAases. Seminal RNAase has a pH optimum of 7.8 (on RNA) and acts as an endonuclease, splitting only phosphodiester bonds involving pyrimidine nucleoside 3'-phosphates, with the intermediate formation of nucleoside 2' : 3'-cyclic phosphates, which are then hydrolysed to 3'-phosphates . A peculiar feature of seminal RNAase is its ability to attack double-stranded RNA and DNA-RNA hybrids in conditions in which pancreatic RNAase is well known to be unable to carry out such a splitting (Libonati & Floridi, 1969; Taniguchi & Libonati, 1974) .
The mol.wt. of seminal RNAase, determined by ultracentrifugal analysis, is around 29000, and so it is approximately twice that of pancreatic RNAase (13683). Amino acid analysis of the seminal enzyme indicates the presence of 248 amino acid residues, twice as many histidine, arginine, serine, isoleucine, leucine and phenylalanine residues being present as in pancreatic RNAase (D'Alessio et al., 1972~) . Cysteine is absent, and so is tryptophan. Lysine is particularly abundant (28 residues), a feature that explains the higher isoelectric point of seminal RNAase (Table 1) . Both the molecular-weight and the amino acid analyses strongly suggested that seminal RNAase might be a dimer, composed of two similar subunits. More direct evidence for a dimeric structure was given by the finding of two N-terminal lysine and two Cterminal valine residues per molecule of native protein and by the mol.wt. of around 14000 which was found for the sodium dodecyl sulphate-protein complex, prepared under reducing conditions (D'Alessio et al., 1972b) . Final conclusive evidence was to come when the primary structure of the protein was worked out. Tryptic and chymotryptic digestions of fully reduced and carboxymethylated protein respectively produced overlapping sets of unique peptides. The amino acid sequences of these peptides accounted for all the residues present in the subunit chain Suzuki et al., 1972) . The amino acid sequence which emerged was very similar to that of pancreatic RNAase: of 124 amino acid residues that form the polypeptide chain, only 23 substitutions could be counted. Of special interest was the finding that the residues found by Richards & Wyckoff (1971) at the active site of pancreatic RNAase were all conserved in identical positions in the subunits of seminal RNAase. On the other hand, among the substitutions most relevant appeared the two replacements at positions 31 (Ser 3 Cys) and 32 (Lys + Cys), the latter being the only three-base change according to the Escherichia coli code. These two adjacent half-cystine residues were VOl. 5
clearly responsible for the extra (with respect to the structure of pancreatic RNAase) disulphide equivalent present in each subunit of the seminal enzyme, since the remaining eight half-cystines not only occupied the same positions as the half-cystines of pancreatic RNAase, but also paired in exactly the same way (A. Di Donato & G. D'Alessio, unpublished work). Digestion with thermolysin and trypsin yielded 5r dimeric structure formed by two identical peptides, linked by two disulphide bonds, each of which bridges half-cystines (31 and 32) from one subunit to the corresponding residues from the other subunit @i Donato & D'Alessio, 1973) . Such a structure was confirmed by reduction under mild conditions, followed by carboxymethylation, and the production of monomeric protein selectively alkylated at half-cystines 31 and 32 (D'Alessio et al., 1975) (Fig. 1) . After the complete primary structure had been elucidated, it was possible to start an X-ray-crystallographic study of this enzyme. It was carried out in the Istituto
Chimico of the University of Naples, where a low-resolution tridimensional map has been worked out by analysing crystals of the native enzyme and of some isomorphous derivatives (Capasso et al., 1972, 1976 ). Some evidence was already available that the seminal vesicles are the site of production of RNAase, which is then discharged in the secretion of the glands to make a major contribution to seminal plasma. Relatively large amounts of seminal vesicles are more readily available than semen for enzyme purification and essentially the same purification procedure can be used. The enzymes purified from the two sources appeared to be identical in amino acid composition and dimeric structure and in the compositions and partial sequences of the peptides produced by tryptic and chymotryptic hydrolysis (Farina et a[., 1973~) . Moreover, the X-ray-diffraction patterns were completely identical. Besides the intrinsic interest of reaching a decisive conclusion on this subject, the conclusion that the RNAases from semen and from seminal vesicles were the same enzyme was also important in connexion with the claim by Hosokawa & Irie (1971) of the presence in bull seminal vesicles of an RNAase (mol.wt. 25 500) composed of 227 amino acid residues in one single polypeptide chain, with an amino acid composition very much like that of seminal-plasma RNAase. This RNAase is, in our view, the same as the enzyme isolated in our laboratory, although there are unexplained discrepancies in the quantitative analyses of the N-and C-terminal residues and amino acid composition.
In the course of our studies, we thought it worth while to study the RNAase from the seminal vesicles of buffaloes (Bos bubalus), to which we had access. The enzyme purified from this species is quite similar to bull seminal RNAase, as shown by analysis and partial sequence of tryptic and chymotryptic peptides (Farina et al., 19736) .
Another interesting approach was that of verifying whether for seminal RNAase it was also possible, by controlled hydrolysis with subtilisin, to obtain the specific splitting which in pancreatic RNAase leads to the formation of an S-peptide (residues 1-20) and an S-protein (21-124) (Richards & Vithayathil, 1959) . Seminal RNAase, however, shows a high resistance to subtilisin (Libonati et al., 1973) , probably owing to the substitution of proline for alanine at position 19 with the consequent alteration in the original secondary structure (Parente et al., 1976) .
Given the close similarity between bovine pancreatic and seminal RNAases, it is surprising that some effects, produced in vivo or in vitro by the seminal enzyme, are quite specific for this protein, not being shown by the pancreas enzyme. The anti-spermatogenic effect is the first to be mentioned; it was originally observed in animals injected with the secretion from bull seminal vesicles (MatouSek, 1969) , where characteristic damage to the seminiferous epithelium resulted. Seminal RNAase was soon identified as the protein responsible for this peculiar effect , which has been further investigated in mice (Leone et al., 1974) .
Another effect has been observed when seminal RNAase is added to growing cell cultures; normal cells are slightly affected, but a marked growth inhibition is seen with virus-transformed cells (Vescia, 1974) . This is possibly related to the reported ability of this enzyme to interfere also with experimental tumours (MatouSek, 1973) .
These peculiar biological actions, unprecedented for a ribonuclease, and the uniqueness of its dimeric structure, are reflected in the catalytic properties of the enzyme. Seminal RNAase shows an impressive increase in activity towards RNA and model substrates when artificially monomerized (Piccoli etal., 1975) . It also displays, under certain conditions of temperature and pH, biphasic velocity curves as a function of substrate concentration (S. Dudkin & G. D'Alessio, unpublished work). Moreover, binding studies with a quasi-substrate show that the two active sites of the enzyme are not equivalent, but become so when the interchain disulphides are cleaved @i ). It appears that evolution has enriched the bovine genome not just with a new RNAase, but with an RNAase whose activity could be finely regulated for some important function. To shed light on this question one should know the cellular and physiological roles of seminal RNAase, which are as yet to be defined. Capasso, S., Giordano 
